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Myotonic dystrophy type 2 (DM2, OMIM #602688) is a
multisystemic hereditary degenerative disease caused
by a tetranucleotide CCTG expansion in the ZNF9
gene. Routine testing strategies for DM2 require the
use of Southern blot or long-range PCR, but the pres-
ence of very large expansions and wide somatic
mosaicism greatly reduce the sensitivity of these
reference techniques. We therefore developed and
validated a tetraplet-primed PCR (TP-PCR) method to
detect the DM2 mutation by testing 87 DM2-positive
and 76 DM2-negative previously characterized pa-
tients. The specificity of this technique was evalu-
ated including DNA samples from 39 DM1-positive
patients. We then attempted a prospective analysis
of 50 patients with unknown genotype who re-
ferred to our center for diagnostic or presymptom-
atic tests. Results show that TP-PCR is a fast, reli-
able, and flexible technique, whose specificity and
sensitivity is almost 100%, with no false positive or
negative results either in retrospective and pro-
spective applications. We therefore conclude that
using this technique, in combination with the
short-range PCR, is sufficient to correctly establish
the presence or the absence of ZNF9 expanded al-
leles in the molecular diagnosis of DM2. ( Mol
Diagn 2010, 12:601—606; DOI: 10.2353/jmoldx.2010.090239)

Myotonic dystrophy type 2 (DM2; MIM #602688), or Rick-
er’s disease, is a multisystemic hereditary degenerative
pathology, clinically resembling myotonic dystrophy type
1 (DM1: MIM #160900), or Steinert’s disease.”? The main
characteristics in both diseases are clinical or electrical
myotonia, dystrophic changes of muscles, bilateral cat-
aract with early onset, together with a variable presence
of dismetabolic changes, cardiac rhythm alterations, al-
opecia, selective IgG and IgM deficits, and decreased

fertility.®>* From a clinical point of view, DM2 affects
mainly proximal muscles and hips, a distinctive distribu-
tion commonly recognized as PROMM (proximal myo-
tonic myopathy).®® Some other features of DM2 patients
are the presence of cramps, muscular pain,® no cognitive
involvement, and overall the prognosis is more benign.®
An important element in the differential diagnosis with
DM1 is the absence of congenital forms, which are ob-
served only in DM1 families and which are characterized
by polyhydramnios, reduced fetal movements, hypoto-
nia, and respiratory distress at birth, with a high rate of
perinatal deaths, developmental delay, and mental retar-
dation.™® Histological and immunohistochemical studies
of DM2 muscles show the dystrophic phenotype with
muscle atrophy, nuclear clumps, and type Il fibers atro-
phy.®7 Atypical clinical presentations in DM2 have also
been described, mimicking spinal muscular atrophy with
adult onset," fibromyalgia,'® or with hyper-CK-emia as
the sole clinical manifestation.'® Because of this wide
clinical spectrum DM2 can often be misdiagnosed with
nondystrophic myotonias, limb-girdle muscular dystro-
phies, metabolic disorders, and other myopathies.'*
DM1 and DM2 are caused by expansion of (CTG),, and
(CCTG),, repeats in the DMPK (MIM #605377) and ZNF9
(MIM #116955) genes, respectively.’®'® The normal
number of (CTG) repeats in DMPK gene ranges from 5 to
35,"” while DM1 patients show a number of repeats from
50 to over 4000. In DM1 a correlation between the degree
of the expansion and the clinical phenotype has been
described, with earlier onset and severity proportional to
the (CTG), repeats number.'® 819 |n DM2, the (CCTG),
tetranucleotide is part of a complex repeated motif
[TG].[TCTG],[CCTG],, with (CCTG), repeats ranging
from 11 to 26 in the normal alleles. DM2 patients show a
pathological number of repeats starting from 75 to
11,000, with an average of 5000. Despite this large vari-
ation, no clear correlation has been demonstrated be-
tween the expansion length and the DM2 clinical sever-
ity.'® Since the discovery of the DM1/DM2 mutations,
molecular analysis of the DMPK/ZNF9 genes confirms the
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diagnosis in patients and allows presymptomatic genetic
tests in their asymptomatic relatives. Molecular protocols
to detect DM1 and DM2 mutations are similar and both
start with a first round of PCR, called short-range PCR,
with primers flanking the repeated regions of DMPK/ZNF9
genes. This step allows the discrimination of different
alleles in the normal range after agarose gel or capillary
electrophoresis runs. Samples showing only one band or
signal can represent true homozygous individuals, or
DM-affected patients for which amplification of the ex-
panded allele has failed. For this reason, more extensive
tests need to be performed. Southern blot from genomic
DNA using labeled DMPK/ZNF9 specific probes, or long-
range PCR followed by blotting and hybridization with
(CTG)s or (CCTG)s probes, are the reference ap-
proaches to visualize and measure the DM1/DM2 expan-
sions.'%2° Both techniques are time-consuming and re-
quire careful evaluation of results, due to somatic length
mosaicism that can give very weak and smeared signals,
thus limiting the sensibility of the technique particularly
for DM2 tests,'® with the possibility of false negative
results. To avoid these difficulties and to make the mo-
lecular diagnosis easier and faster, Warner et al®' pro-
posed the use of triplet-primed PCR (TP-PCR) for the
detection of repeat expansions in DM1 and in other dy-
namic mutations diseases. The principle of this technique
relies on the use of locus-specific PCR primers in com-
bination with a primer designed across the repeated
sequence. After PCR reaction, products of different sizes
will be produced, according to the number of repetitions.
If an expansion occurs, a continuous ladder of PCR am-
plification fragments exceeding the normal range will be
visualized (Figure 1, A-D). The TP-PCR method allowed a
successful discrimination between samples resulted ho-
mozygous for a normal allele (normal individuals) and

heterozygous sample with an expanded alleles (affected
individuals) after short-range PCR.2"2? In this study, we
developed a nonradioactive version of the TP-PCR
method which specifically detects the (CCTG),, expan-
sion in DM2 patients. Our version of TP-PCR takes ad-
vantage of capillary electrophoresis on common auto-
matic sequencers using fluorescent-labeled primers. To
establish the specificity and the sensitivity of this tech-
nique in the DM2 diagnostic routine tests, we performed
TP-PCR on 153 individuals, previously characterized by
long-range PCR assay. We also undertook a prospective
study on 50 patients with unknown genotype at DM2
locus referred for diagnostic or presymptomatic DM2
molecular test.

Materials and Methods

Patients, Samples, and DNA Extraction

We retrospectively analyzed 153 DNA samples from in-
dividuals who underwent molecular diagnosis of DM1
and DM2 in our center from 2001 to 2008. All patients
received clinical diagnosis or presented clinical features
for which DM was suspected, except for 4 DM1 and 8
DM2, who were referred to us for presymptomatic tests.
Each patient gave written informed consent to the use of
DNA samples for research purposes. We randomly se-
lected 87 DM2-positive, 39 DM2-negative/DM1-positive,
and 37 DM1/DM2-negative DNA samples, previously
characterized by short-range PCR and long-range PCR.
After selection, all samples were carefully anonymized.
To investigate the effects of different DNA extraction pro-
cedures on the results, we used DNA, either from fresh
(n = 117) and frozen (n = 37) blood samples extracted
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with EZ1 automatic extraction workstation (Qiagen) and
salting-out procedure, respectively.

For prospective analysis, we included 50 patients who
referred to our center for DM2 molecular testing between
January and June 2009. Except for two patients, who
requested presymptomatic test, DM1 genetic analysis
was performed before DM2 molecular test. DNA samples
were extracted from fresh blood using EZ1 automatic
extraction workstation (Qiagen).

Molecular Characterization at DM1 and DM2
Loci

Diagnostic tests for DM1/DM2 were performed following
published guidelines.?® Both short-range and long-range
PCR across the DM1 and DM2 regions were performed
according to reported protocols.?%?* Briefly, PCR frag-
ments obtained after short-range PCR were analyzed on
ABI 3130 or ABI 310 automatic sequencers (Applied
Biosystems) using ROX500 or LIZ500 (Applied Biosys-
tems) as internal markers. In samples with two alleles in
the normal range (corresponding to less than 36 repeats
for DM1 and 27 repeats for DM2) the DM1 or DM2 diag-
nosis was excluded. Samples showing only one signal
subsequently underwent long-range PCR and blotting of
PCR products for the detection of expanded alleles after
hybridization with a radioactive-labeled (CTG)s or
(CCTG)s probe. DM1 and DM2 expansions were visual-
ized on the Storm 860 Molecular Imager (GMI Inc.) or
after exposure on Biomax Light films (Kodak) (Figure 2).

TP-PCR

Twenty to 200 ng of DNA were amplified in a reaction
volume of 30 ul, using 1.5 units of GoTag Polymerase
(Promega), supplied buffer 1x, MgCl, 1.25 mmol/L,
DMSO 10%, 7-DeAZA-GTP (Roche) 0.2 mmol/L, prim-
ers P1 (Fam-5'-GCCTAGGGGACAAAGTGAGA-3’) 3
pmol, P4 (5'-TACGCATCCGAGTTTGAGACGCCTGC-
CTGCCTGCCTGCCTG-3") 0.6 pmol, P3 (5'-TACG-
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Figure 2. Long-range PCR. CP, Positive control; CN, negative control. Lanes
1-2, Not expanded sample; Lanes 3—10, expanded samples. Arrow in lane
9 indicates a faint band, which could lead to misinterpretation as not ex-
panded samples (false negative).
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CATCCCAGTTTGAGACG-3') 3 pmol, with the following
cycling conditions: initial denaturation 5 minutes/94°C,
followed by 35 cycles of (30 seconds/94°C; 30 sec-
onds/56°C; 2 minutes/72°C) and final extension of 10
minutes/72°C, then stored at + 4°C until analyzed. In
the prospective study, every analysis included at least
one DM2-positive and one DM2-negative sample as
controls of PCR reaction.

Ten microliters of each PCR product was run on 3%
agarose gel at 100V and checked after 2 hours. For capil-
lary electrophoresis, 2 to 3 ul of the same PCR product were
mixed with 16 ul of deionized formamide and loaded on ABI
3130 or ABI 310 automatic sequencers. The analysis of
results was performed using GeneMapper 3.7 (Applied
Biosystems).

Analysis and Interpretation of TP-PCR Results

Results of capillary electrophoresis for each sample were
interpreted by two independent physicians, who were
unaware of the patients’ genotypes. When the result was
ambiguous or interpretation was not clear for at least one
physician, the reason was registered and a new load of
the same PCR product was performed on both ABI3130
and ABI310 sequencers. This procedure allows us to
establish whether there was a problem in the PCR reac-
tion or in the capillary electrophoresis run. We decided to
attempt a new PCR reaction only when no amplification
product has been obtained by the first PCR round.

Results

After the first round of TP-PCR on the 153 samples pre-
viously characterized, both observers easily identified
expanded or normal alleles in 138 samples (90.2%) (Fig-
ure 3, A and B). Fifteen (9.8%) needed a second capillary
run with 3 ul of the same TP-PCR product on automatic
sequencer. In seven of these samples (7/153 = 4.6%),
the first run failed because too low quantity of the PCR
product was loaded on automatic sequencer and, even
though peaks over 27 repetitions were visible, it was not
possible to establish definitely the presence of expan-
sions in the pathological range. For six samples (6/153 =
3.9%), a high background or very low intensity of fluores-
cent peaks prevented an unequivocal interpretation of
the genotypes. Finally, for two samples (2/153 = 1.3%)
the first run failed due to low marker concentration on
ABI3130. After the second round of capillary electro-
phoresis with original PCR products, all remaining 15
genotype statuses were attributed, allowing the definitive
classification of all samples as clearly expanded or
clearly normal by both physicians. Interpretation of the
results was not possible by agarose gel electrophoresis
only (Figure 4). At the end of this analysis, we correctly
identified all of the 87 DM2-positive and 76 DM2-negative
samples. For each DM2-positive sample, we were able to
obtain PCR peaks representing tetranucleotide repeats in
the pathological range (over 75 CCTG, corresponding to
340 bp), allowing the correct interpretation of all samples
with a test sensitivity of 100%. No differences in the
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Figure 3. Electropherogram of TP-PCR after capillary electrophoresis. Limits for normal and pathological number of repeats are represented by dashed lines.
Asterisks indicate the peaks of ROX500 marker. The continuous ladder of peaks every 4 basepairs represents different fragments generated by random annealing
of P4 primer, according to the number of CCTG repeats of the alleles examined. A: Negative heterozygous sample. B: Positive expanded samples, with the ladder

of peaks exceeding 340 bp, corresponding to 75 CCTG repeats.

electropherograms were noticed between the 39 DM1-
positive and the 37 DM1/DM2-negative patients, ruling
out the possibility of misinterpretation as false positive
due to the presence of CTG repetition in the DMPK gene,
resulting in a test specificity of 100%. Use of different
DNA quantities, extraction methods, or storage time did
not affect the results’ outcome, allowing successful am-
plification of poor or elder templates conserved up to
seven years. Thirty-six of the 50 samples included in the
prospective branch of the study resulted heterozygous
for normal alleles after short-range PCR, whereas 14
samples showed only one signal. TP-PCR analysis con-
firmed the absence of expansion for all 36 heterozygous
samples. Of the 14 samples with one signal, eight were
interpreted as homozygotes for a normal allele and six
were interpreted as heterozygotes with one normal and
one expanded allele. No sample needed a second run on
automatic sequencer, nor TP-PCR repetition. After TP-
PCR, all of the 14 samples with one signal underwent
long-range PCR that showed the presence of the
(CCTG), expansions in all six samples interpreted as
expanded by TP-PCR.

P P NE- SN P P N

Figure 4. Agarose gel run of TP-PCR products. No clear interpretation is
possible. P, Positive (expanded) samples; N, negative (not expanded)
samples.

Discussion

Dynamic mutations are a heterogeneous class of pathol-
ogies arising from aberrant expansion of normally poly-
morphic short tandem repeats interspersed in different
genes.?®26 Most frequent expansions involve trinucleoti-
des, which can be placed inside exons or in the untrans-
lated portion of the gene, but exceptions occur, as pen-
tanucleotide repeat in SCA10.2” Diagnostic testing for
these pathologies has always been challenging, due to
extremely wide expansions possible in some of these
diseases, as in DM, Friedreich Ataxia, or Fragile-X syn-
drome.?®73° Southern blot is the reference method to
detect DNA length variation in dynamic mutations, but it
requires a large amount of DNA and is time-consuming
with a manual laboratory work-up from four to 13 days to
obtain interpretable results. Other conditions make the
molecular diagnosis complicated, as in DM2, where the
presence of very large expansion and somatic mosa-
icisms can result in a very smeared and weak signal,
limiting the sensibility of this technique to 80% for sam-
ples resulted homozygous after short-range PCR."™ To
overcome this problem, different strategies have been
proposed, as PFGE electrophoresis followed by Southern
blot using a combination of ZNF9 and reference probes
to compare the intensity of the signal corresponding to
the ZNF9 wild-type allele, which should be weaker when
an expansion is present.®" Even if somehow useful, all
these strategies can still produce ambiguous results and,
when adopted, still do not guarantee a correct sizing of
(CCTG), repeated tract. Long-range PCR is an efficient
technique to identify expansions up to 2500-3000 re-
peats but still requires blotting of PCR products and
radioactive labeling. Moreover, it has some limitations,
because very large expansions could be missed due to
failed amplification. After the use of TP-PCR for the de-
tection of (CTG),, expansions in DM1,2" its principle has
been successfully adopted to detect a variety of micro-



satellite expansions, as in SCA2, SCA7, SCA8, SCA10,
SCA17, Friedreich’s Ataxia, and recently even in Frag-
ile-X Syndrome.®273% In 2004, Ranum et al proposed the
use of this assay also for DM2, but they consider this
procedure only a supportive, and not diagnostic test, due
to the presence of 21% false-positive results.’® In their
experience, blotting of PCR products and hybridization
with radiolabeled-probe is necessary to increase the
specificity of this technique, but this process become
more time-consuming and expensive.

In this study, we developed a revised version of the
TP-PCR assay for the DM2 molecular diagnosis. We val-
idated this technique by evaluating a total of 203 DNA
samples. Both retrospective and prospective branches of
the study gave no false positives, nor false negatives,
without being aware of short-range PCR results. TP-PCR
amplification is sufficiently robust to detect all normal and
premutated allelic range, and this permits unequivocal
interpretation of results. In comparison with the TP-PCR
method described by Ranum et al, our protocol used a
primer with (CCTG)s repeats instead of (CCTG),, to-
gether with a higher annealing temperature in the PCR
reaction (56°C instead of 50°C). These modifications
could be sufficient to explain the higher specificity and
sensibility achieved with our method. The compatibility of
this technique with common automated DNA extraction
methods permits an easy standardization of laboratory
work, which reduced to two days the time necessary to
complete a molecular diagnosis of DM2, compared with
the 6-13 days needed when genomic or PCR blotting
and hybridization are adopted. Moreover, no radioactive
isotopes are used, leading to an easier management of
laboratory work and safety. Our results, moreover, dem-
onstrate that this technique has greater sensitivity and
specificity than the combination of conventional short-
range and long-range PCR.

However, we have to point out that this method is not
quantitative and does not determine the (CCTG), re-
peats number. Because no genotype-phenotype cor-
relation has been reported in DM2 patients, this limita-
tion is not relevant for diagnostic purpose. The use of
Southern blot and long-range PCR can then be re-
stricted to research applications or as second confir-
mation techniques in presymptomatic testing. For all
these reasons, we propose TP-PCR as a routine diag-
nostic tool, in combination with short-range PCR, for
the molecular diagnosis of DM2.
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